The aim of this study was to estimate the costs and the health benefits of the following interventions: increasing access to improved water supply and sanitation facilities, increasing access to in house piped water and sewerage connection, and providing household water treatment, in ten WHO sub-regions. The cost-effectiveness of each intervention was assessed in terms of US dollars per disability adjusted life year (DALY) averted. This analysis found that almost all interventions were cost-effective, especially in developing countries with high mortality rates.
significant positive health impact. In addition to the reduction of water, sanitation and hygiene-related diseases, increasing access to safe water and sanitation, also may confer many and diverse potential additional benefits, ranging from the easily identifiable and quantifiable -such as time saved due to closer access to water and sanitation services-to the intangible and difficult to measure -such as convenience and well-being (Hutton 2001) . The benefits and the costs of increasing access to improved water and sanitation vary considerably depending on the type of technology selected. For rational decision-making it is crucial to carry out a sound economic evaluation of the various options available, because resources are scarce and choices have to be made about the use of resources. If benefits and costs are expressed in a common monetary unit (such as US dollars), it is possible to estimate if the total benefit of an intervention exceeds the total cost. This economic evaluation method is known as cost-benefit analysis (CBA). However, it is not always possible to quantify all impacts in dollar units. In that case, a costeffectiveness analysis (CEA) can be undertaken. CEA shows the cost of achieving a given output. The output is measured in its natural unit such as healthy life years gained, disability-adjusted life-years (DALYs) averted, or time saved. CEA is the method of choice for resource allocation decision in the health sector (WHO 2003) . The coherent analysis and presentation of data on both costs and health benefits, associated with differing levels of water and sanitation service would be of substantial value to decision-makers. Such tools would permit, for example, the determining of (i) the additional cost in converting a water supply from not improved public water points to household connections (ii) the burden of disease averted through such an upgrade, and thus (iii) the costs per disability-adjusted life-year (DALY) of such an upgrade.
Given limited financial resources, this tool will help in selecting one or several options which would efficiently prevent and decrease water-related diseases or in achieving defined goals at the lowest possible costs. Evaluation of the costs and health benefits of water and sanitation interventions are important pieces of information for informed decision-making, alongside the assessment of other environmental, social, cultural and institutional factors which are often location-specific.
In an attempt to improve the quality and comparability of cost-effectiveness studies, the World Health Organization (WHO) developed guidelines for conducting generalized cost-effectiveness analysis (G CEA) (WHO 2003) . These new guidelines are in principle suitable for all types of interventions which aim to sustain and improve health, and have been applied to more than ten risk factors (WHO 2002) . They have been used in this study to evaluate the cost-effectiveness of a range of potential interventions designed to improve access to safe water and sanitation facilities. In this cost-effectiveness analysis, only the health benefits have been assessed but it is important to note that some of the additional benefits can be quantified and valued in a common monetary unit, in the context of a cost-benefit analysis. A cost-benefit analysis of several water and sanitation improvements at global level has been undertaken and results are reported in Hutton et al. (2007) . EMR (Eastern Mediterranean Region); EUR (European Region), SEAR (South-East Asia Region) and WPR (Western Pacific Region)) and a letter for the mortality stratum (Table 1) . Four sub-regions, EURA, EURC, AMRA and WPROA, were excluded from the analysis as in these regions more than 90% of the population already has access to in house piped water supply and sewerage connection.
METHODS

Defining intervention scenarios
Estimating burden of diarrhoeal diseases due to water, sanitation and hygiene
The analysis has been restricted to diarrhoeal disease as it accounts for the main disease burden associated with poor water supply and sanitation. Prü ss et al. (2002) estimated the global burden of diarrhoeal disease caused by unsafe water supply, sanitation and hygiene, using a 'scenario-based' approach. Six exposure scenarios were defined based on the type of existing water and sanitation infrastructure and the load of faecal-oral pathogens in the environment (Table 2) .
Scenarios VI to III are in a high faecal-oral pathogen environment, typical in developing countries. In scenario VI, populations do not have access to any type of improved water supply and sanitation facilities. Scenario IV corresponds to an improvement in both water and sanitation services. An improved water supply means a public standpost/pipe, a borehole, a protected spring or well, or collected rain water. Improvement does not necessarily mean that the water is safe, but rather that it meets minimum criteria for accessibility and measures are taken to protect the water source from contamination. An Table 3) .
List of interventions
For each sub-region, a set of potential interventions was assessed by moving different proportions of population to lower exposure categories. Six interventions were modelled: † halving the proportion of people in 2000 who did not have access to both improved water sources and improved sanitation facilities; † providing household water treatment using chlorine to all people without access to improved water supply in 2000; † increasing access to improved water supply and improved sanitation services to reach a 98% coverage; † increasing access to improved water supply and improved sanitation services plus household water treatment to reach a 98% coverage; † increasing access to in house piped water with treatment to remove pathogens and quality monitoring as well as sewerage connection with partial treatment of waste waters, to reach a 98% coverage. 
Defining the baseline scenario
Assessing the health impacts
Effectiveness of interventions
Each exposure scenario was assigned a relative risk (RR) of diarrhoea (Table 4 ). These were calculated by converting relative risks taken from the literature into risk reduction when moving between different exposure scenarios. The systematic review conducted by Fewtrell et al. (2005) provided data to allow estimation of RRs between scenario IV, Va, Vb, and VI. According to that study, a reduction of 25% (95% CI 9%-38%) in diarrhoeal diseases can be observed when providing an improved water supply, and 32% (95% CI 13% -47%) when providing improved sanitation facilities. When providing both improved water supply and improved sanitation facilities, a reduction of 33% (95% CI 24% -41%) is achieved. A more recent review from Clasen et al. (2006) showed a reduction of 37% (95% CI 25% -8%) in diarrhoeal diseases by treating water in the household, using water chlorination. Data sources for relative risk transitions between scenario I, II and IV were taken from the Prü ss-Ü stü n et al. study (2004) . Their RR estimation was defined by published reviews and large surveys where available. These estimates are subsequently used in this cost-effectiveness analysis.
There is a great deal of uncertainty surrounding health risk changes associated with the shift between scenarios II and IV, which corresponds more generally to the transition between developed and developing regions with incomplete coverage of improved water supply and sanitation. It and the amount of exposure reduced in that population. The Based on WHO/UNICEF (2000). where E is the equivalent annual cost, P the purchase price,
A the Annuity factor, r the discount (interest rate) and y the life span of the capital.
All cost estimations were calculated and presented in terms of US dollars, year 2000. For the cost estimations, low and high cost values were based on the sets of assumptions for recurrent costs presented in Table 6 .
Estimation of uncertainty
RESULTS
Costs of interventions
The annual costs of improving access to safe water supply and adequate sanitation services varied depending mainly on the increase in the number of persons having access to better water and sanitation service levels, and the type of technology selected. The costs of increasing access to safe water and adequate sanitation vary from high when sophisticated technology is used, to substantially lower when simple technology, that demands low maintenance, is used. When dividing the total annual costs by the entire population of the sub-region, the annual cost per capita Table 7 shows Similar patterns were observed in the other sub-regions, in terms of costs and health benefits. Table 8 shows the health gains in average annual healthy years gained, per intervention, by world sub-region.
Cost-effectiveness of interventions
The average cost-effectiveness ratios (CER measured in US$ per DALY averted which corresponds to the total costs divided by health effects) were much higher in AMRB, EMRB, EUROB and SEARB than in the other sub-regions.
The percentage of access to improved water and sanitation in these regions is high compared to other sub-regions (respectively 76%, 83%, 79%, and 70%) and the diarrhoea incidence and prevalence rates are lower than in the D and E regions, therefore the health benefits are lower compared (Table 9 ). The most cost-effective intervention across all sub-regions was disinfection at point of use.
Although in house piped water and sewer connection was the most expensive intervention, the difference in costeffectiveness between increasing access to low technologies and high technologies was low in many sub-regions.
Uncertainty analysis
Best-and worst-case scenarios were derived for the costeffectiveness ratios by using the low and high cost values of the sets of assumptions for the recurrent costs, in addition to the lower and upper values reported above for the risk transition between scenarios. Figure 3 shows the cost-effectiveness ratios under low and high assumptions for the sub-region AFROD. The principal finding from this sensitivity analysis was that chlorination at point of use remains the most cost-effective intervention but in-house piped water and sewer connections has a lower cost-effectiveness ratio than improved water and sanitation services under high assumptions, which is already the case in certain sub-regions. In general the ranking of interventions in terms of CER did not change.
DISCUSSION
Main findings
The results from this study with the ones from previous studies, because of the difference between the methodologies used.
The cost-effectiveness of potential water and sanitation interventions could vary widely depending on many parameters such as the region, the baseline level of diarrhoea morbidity and mortality, the chosen type of technology, the impact surveys which were selected to estimate the risk transition between two exposure scenarios, the baseline scenario, etc.
Results from this cost-effectiveness analysis indicate that the provision of in house piped water supply and sewer connection is the intervention that maximizes health gains ( time elapses during the extension of coverage and upgrading of piped water and sewage services, this option appears to rapidly and efficiently reduce diarrhoea incidence.
Limitations
It is likely that the health impacts of interventions described in this analysis are significantly under-estimated because: † the effects on disease outcomes other than diarrhoea have not been taken into account. A wide range of health outcomes such as infectious hepatitis, trachoma, schistosomiasis and other geohelminthiases would also be affected by the same interventions to greater overall benefit; † impacts on the case fatality rate have not been taken into account. Decreasing the incidence will likely have beneficial impact on nutrition and the risk of dying from diarrhoea would therefore be decreased; † this analysis has been restricted to the acute health effects of diarrhoea. The long-term effects of multiple diarrhoeal episodes, including delayed weight recovery and possible malnutrition have not been considered.
On the other hand, some potential negative impacts of changes to water and sanitation technologies were not taken into account. For example, sanitation improvement such as household sewer connection with partial treatment of waste waters may mean discharge of sewage into the natural environment or into an open sewer, allowing the possibility of re-infection or the habitat for vectors to breed.
These negative health impacts arising from environmental damage and the costs of water resources conservation have not been included in this analysis.
On the cost side, total funding of water and sanitation interventions is difficult to estimate and may vary widely depending on the methodology used and assumptions made. Any calculation to this end will suffer from many uncertainties and substantial data gaps.
Moreover, one should be careful when comparing the cost-effectiveness ratios of water and sanitation interventions with for example curative interventions. While it is possible to capture all the costs in a cost-effectiveness ratio, only health benefits have been included in these calculations and the results need to be interpreted in that light. Although not analysed in this study, in addition to the reduction of water and sanitation-related diseases, providing better access to an improved water supply and sanitation may confer many and diverse potential additional benefits, ranging from the easily identifiable and quantifiable -such as expenditures averted due to less illness and reduction in time expenditure (or time savings) associated with closer water and sanitation facilitiesto the intangible and difficult to measure -such as convenience, well-being- (Hutton 2001) . Subtracting the averted treatment costs due to fewer cases of illness would lower the estimated cost-effectiveness ratios of interventions. Providing water supply and sanitation facilities closer to homes may result also in significant reduction in time expenditure especially for mothers and girls. Such time gains may lead to increased production, better school attendance or more leisure time, and thus could result in significant economic and social benefits which are not included in the CEA ratio. When comparing treatment interventions with water and sanitation interventions, it would be incorrect to compare them on the basis of only deaths or DALYs averted (Briscoe 1984) . When making comparisons between interventions with multiple impacts (such as water and sanitation improvements) to interventions whose sole purpose is to avert deaths (such as an oral rehydration therapy program), a consistent and fair approach must be used, and should take into account both the health gains and the non-health gains, in the decision process.
Further work in that area has been undertaken (Hutton & Haller 2004) .
Cost-effectiveness analysis is a useful tool for rational decision-making but it has its limitations and it will not provide information for all the factors which need to be taken into account. In order to select the most appropriate intervention for a particular setting, attention should be paid to the health and non-health benefits, the costs, and other parameters such as the environmental and social feasibility, and the sustainability of such an option, which are very much location-specific.
CONCLUSIONS
This analysis found that water and sanitation interventions were cost-effective in most sub-regions. Using improved water and sanitation facilities such as, a protected dug well and a ventilated improved pit latrine, within reasonable walking distance, provides substantial health benefits.
Access to a higher level of services such as on plot piped water would bring a further major improvement in health.
These benefits are likely to be accompanied by substantial time savings that may contribute significantly to household economy. Because the burden of disease associated with unsafe water supply, sanitation and hygiene is mainly concentrated in children in developing countries, emphasis should be placed on interventions likely to yield an accelerated and affordable health gain in this group.
Disinfection of drinking water at the point of use with chlorine and safe storage vessels is one option of this type. A policy shift to include better household water quality management as a short-term solution, to complement the continuing expansion of coverage and upgrading of services would appear to be a cost-effective health intervention in many developing countries.
